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(g) In a digital radio receiver, an amplitude limiter 
circuit (20. 21) is included for producing a 
constant-amplitude IF signal from a received 
digitally modulated IF signal. An orthogonal 
detector (22) orthogonally mires the constant- 
amplitude signal with a reference carrier and 
produces an in-phase baseband signal (I) and a 
quadrature-phase baseband signal (Q). The 
baseband signals are converted (24, 25) to first 
and second digital signals, and supplied to 
respective multipliers (26, 27). A logarithmic 
detector circuit (30) is coupled to the amplitude 
limiter (20) for generating a signal representa- 
tive of the amplitude of the received IF signal. 
The logarithmic scale of- the amplitude signal is. 
converted to a linear scale by a logarithmic-to- 
linear converter circuit (32, 33) and the resultant 
supplied to the multipliers (26, 27) in which it is 
multiplied with the digital baseband signals. 
The outputs of the multipliers are coupled to an 
equalizer (28) for eliminating bit errors, such as 
a maximum likelihood sequence estimation 
(MLSE) equaliser. The amplitude limiter may 
comprise a series of tapp^ limiter amplifiers, 
and the logarithmic detector circuit may conrv 
prise a corresponding plurality of detectors, 
coupled to the tap points of the series of anv 
pllfiers. and an adder (Fig. 3). 
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BACKGROUND OF THE INVENTION 

The present invention relates generally to digital 
radio connnnunications systems, and more specifically 
to a digital radio receiver for mobile communications 5 
systems in which the receiver suffers from mullipath 
fading and interference. 

In digital mobile radio, orthogonal modulation 
techniques are employed for conveying TDM (time 
division multiplex) signals. To overcome bit en'ors io 
caused by multipath fading and interference, 
maximum likelihood sequence estimation technique 
is known, A known digital radio receiver includes a 
linear amplifier for linearly amplifying IF (intenmediate 
frequency) input signal to produce an output X - cos is 
(2jtfc + 6t), where X is the amplitude of the IF input and 
fc is the carrier frequency. An orthogonal detector pro- 
vides mixing of the amplifier output with a local carrier 
A • cos 27ifc for detecting the in-phase baseband com- 
ponent (I = aX • cos 8t) and the quadrature-phase 20 
baseband component (Q = aX • sin 6t (of the transmit- 
ted signal, where A Is the amplitude of the local car- 
rier, where a is a constant and the phase component 
6t contains the information to be conveyed. After con- 
version to digital form, the I and Q signals are fed into 2S 
a digital demodulator to recover the transmitted infor- 
mation using the MLSE adaptive equalization tech- 
nique. In the adaptive equalization process the 
amplitude component 'aX' provides useful infor- 
mation for eliminating bit errors caused by multipath 30 
fading and interference. However, with mobile radio 
the amplitude component 'aX' varies significantly with 
the length of signal propagation path as well as with 
variations charateristic of the individual path, giving a 
variation range of 80 dB in a worst condition. Because 35 
of the wide dynamic range, the amplitude components 
'aX' of the baseband signals cannot property be rep- 
resented by digital signals of a practical bit length. 
Although the long-term variations of the I and Q sig- 
nals may be significantly compressed by the use of an 40 
AGC (automatic gain controlled) amplifier may be 
used, instead of the linear IF amplifier, by approp- 
riately proportioning the AGC time constants, the 
short-term variations are passed through the AGC 
amplifier and produce quantum noise. 45 

In order to reduce errors caused by the multipath 
fading and quantum noise, a digital radio receiver as 
shown in Fig. 1 has been proposed. According to this 
prior art, the dynamic range of IF signal is compressed 
by the use of a logarithmic amplifier 1 . A low-pass filter so 
2 is provided for removing harmonic components that 
are produced as a result of the nonlinear amplifi- 
cation. The filtered signal is applied an orthogonal 
detector 3 in which it is mixed with the local carrier 
from oscillator 4 to produce an in-phase baseband ss 
signal (I = a • log X • cosGt) and a quadrature phase 
signal (Q = a • log X - sin et), which are converted to 
digital signals by A/D converters 5 and 6 and fed into 



multipliers 7 and 8. On the other hand, a detector 11 
is coupled to the output of amplifierl to produce a DC 
signal representative of the amplitude of the IF signal. 
After conversion to digital fonm by A/D converter 12. 
the logarithmic scale of the DC signal is converted to 
a linear scale by a logarithmic-to-Iinear converter 13 
and applied to multipliers 7 and 8 in which the I and Q 
signals are modified linearly with the amplitude signal. 
The outputs of multipliers 7 and 8 are coupled to an 
MLSE equalizer 9 to equalize the multiple propagation 
paths. The equalized signals are fed into a demod- 
ulator 1 0 to produce a replica of the original digital sig- 
nal. 

Since the logarithmic amplifier is not ideal from 
the view point of amplitude compression, each of the 
I and Q signals contains the amplitude component of 
the IF signal at the inputs of multipliers 7 and 8. and 
the multiplication process generate) outputs contain- 
ing a product component of the amplitude represen- 
tative signals. Thus, the input signals of the equalizer 
differ from what is desired for equalization. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide digital demodulation of orthogonal digital 
baseband signals without introducing components 
undesirable for eliminating errors caused by multipath 
fading and interference. 

According to the present invention, an amplitude 
limiter circuit is included for maintaining the amplitude 
of a received digitally modulated signal at a constant 
value. An orthogonal detector provides orthogonal 
mixing of, the constant-artjplitude signal with a refer- 
ence carrier and produces a f[rst baseband signal in 
phase with the reference carrier and a second 
baseband signal in quadrature phase with the refer- 
ence carrier. The first and second baseband signals 
are converted to first and second digital signals, re- 
spectively, and supplied to multipliers. A logarithmic 
detector circuit Is coupled to the amplitude limiter for 
producing a signal representative of the amplitude of 
the modulated signal. A logarithmic-to-linear con- 
verter circuit is coupled to the logarithmic detector for 
converting the logarithmic scale of the amplitude rep- 
resentative signal to linear scale. The first and second 
digital signals are multiplied with the linear-scale am- 
plitude representative signal and supplied to a digital 
equalizer for eliminating bit errors arising from mul- 
tipath fading and interference. To the output of the 
equalizer is connected a digital demodulator for pro- 
ducing a replica of the modulating signal. 

In a preferred embodiment, the amplitude limiter 
circuit comprises a series of tapped limiter amplifiers 
for defining successwe tap points, and the logarithmic 
detector comprises a plurality of detectors couoied re- 
spectively to the tap points of the amplitude limiter and 
an adder for summing the outputs of the detectors to 
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produce the amplitude representative signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention wilt be described in further 5 
detail with reference to the accompanying drawings, 
in which: 

Fig. 1 is a block diagram of a prior art digital radio 
receiver; 

Fig. 2 is a block diagram of a digital radio receiver io 

according to the present invention; and 

Fig. 3 is a circuit diagram illustrating details of the 

amplitude limiter and logarithmic detector of Fig. 

2. 

15 

DETAILED DESCRIPTION 

Referring now to Fig. 2, there is shown a digital 
radio receiver according to present invention. The 
receiver comprises an amplitude limiter 20 for limiting 20 
the amplitude varying range of an IF Input signal and 
producing a constant-amplitude signal for coupling to 
a low-pass filter 21 to remove harmonic components 
produced as a result of the nonlinear relationship be- 
tween the input and output of amplitude limiter 20. The 25 
output of filler 21 is fed Into an orthogonal detector 22 
in which it is mixed with a local carrier supplied from 
oscillator 23 to produce an I signal (I = a- cos Ot) and 
a Q signal (Q = a • sin Ot). These baseband signals are 
convered to digital form by A/D converters 24 and 25. 30 
the outputs of which are coupled to multipliers 24 and 
25, respectively. An MLSE equalizer 28 is coupled to 
the output of multipliers 26. 27 to produce equalized I 
and Q signals for coupling to a demodulator 29. 

Since both I and Q signals contain no race of the 3S 
amplitude component X mentioned previously, they 
are applied to A/D converters 24 and 25 at an optimum 
level by appropriately determining the integer 'a'. A 
logarithmic detector 30 is connected to the amplitude 
limiter 20 to logarithmically detect the IF signal and 40 
produce a DC signal indicative of the amplitude of the 
IF input signal. The DC output of logarithmic detector 
30 is coupled to a delay circuit 31 so that its output sig- 
nal is synchronized with the I and Q signals. The 
delayed signal is applied to an A/D converter 32 and 45 
converted to digital fonm and applied to a logarithmic- 
to-linear converter 33 in which the logarithmic scale of 
the amplitude representative signal is converted to a 
linear scale and applied to multipliers 26 and 27 in 
which they are multiplied with the digital I and Q sig- so 
nals. Since the amplitude limiting action of limiter 20. 
no trace of amplitude component of the IF signal is 
contained in the I and Q baseband signal, the outputs 
of multipliers 26 and 27 contain no components other 
than those useful for equalization. 55 

A preferred form of the amplitude limiter 20 and 
logarithmic detertor 30 is shown in Fig. 3. As illus- 
trated, the amplitude limiter 20 comprises a plurality 



of limiter amplifiers 40. Amplifiers 40 are series-con- 
nected to form successive tap points between the IF 
input terminal and the input of low-pass filter 21. The 
logarithmic detector 30 comprises a plurality of detec- 
tors 41 connected respectively to the tap points of am- 
plitude limiter 20. The outputs of detectors 41 are 
summed by an adder 42 to produce the amplitude rep- 
resentative signal for coupling to delay circuit 31. 
Each of the limiting amplifiers 40 has an amplification 
gain of 10 dB so that the dynamic range of the IF sig- 
nal is detemnined by the product of the value of 10-dB 
and the number of the limiting amplifier stages. For a 
given dynamic range of the IF input signal, the resol- 
ution of the amplitude representative signal increases 
with respect to the logarithmic amplitude as a function 
of the number of limiter stages with a decreasing 
value of amplification gain. 



Claims 

1 . A digital radio receiver comprising: 

means for receiving an orthogonally mod- 
ulated signal and producing a modified version of 
the received signal; 

orthogonal detector means (22) coupled to 
the receiving means for orthogonally mbcing the 
modified signal with a reference carrier and pro- 
ducing a first baseband signal in phase with the 
reference carrier and a second baseband signal 
in phase quadrature with the reference carrier; 

analog-to-digital converter means (24, 25) 
for converting the said first and second baseband 
signals to first and second digital baseband sig- 
nals, respectively; 

log arithmic-to-li near converter means (33) 
coupled to the receiving means for converting 
logarithmic scale to linear scale; 

multiplier means (26, 27) for multiplying 
the first and second digital baseband signals with 
the linear-scale amplitude representative signal 
from the logarithmic-to- linear converter means; 

equaliser means (28) coupled to the mul- 
tiplier means for equalising the multiplied first and 
second digital baseband signals to produce first 
and second equalised digital signals; and 

demodulator means (29) coupled to the 
equaliser means for recovering a nnodulating sig- 
nal from the first and second equalised digital sig- 
nals; 

characterised in that the receiving means 
comprises amplitude limiter means (20, 21) for 
receiving an orthogonally modulated signal and 
producing a constant amplitude version of the 
received signal, in that the orthogonal detector 
means (22) is coupled to the amplitude limiter 
means for orthogonally mixing the constant am- 
plitude signal with the reference carrier, and by 
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logarithmic detector means (30) coupled between 
the amplitude limiter means (20) and the logari- 
thmic-to-linear converter means (32, 33) for 
generating a signal representative of the ampli- 
tude of the orthogonally modulated signal 5 
received by the amplitude limiter means. 

2. A digital radio receiver as claimed in claim 1. whe- 
rein the amplitude limiter means (20) comprises 

a series of tapped limiter amplifiers (40) for defi- to 
ning successive tap points, and wherein the 
logarithmic detector means (30) comprises a 
plurality of detectors (41) coupled respectively to 
the tap points and an adder (42) for summing out- 
puts of the detectors to produce the amplitude 15 
representative signal. 

3. A digital radio receiver as claimed in claim 2, whe- 
rein the limiter amplifiers (40) have equal values 

of amplification gain. 20 

4. A digital radio receiver as claimed in claim 1. 2 or 
3, wherein the equalizer means (28) is a 
maximum likelihood sequence estimation 
(MLSE) equalizer. 25 

5. A digital radio receiver as claimed in daim 1, 2, 3 
or 4. wherein the orthogonally modulated signal 
received by the amplitude limiter means (20) is an 

IF (intemnediate frequency) signal, and a con- 30 
stant-amplitude version of the received IF signal 
is produced by the amplitude limiter means. 

6. The use of a digital radio receiver as claimed in 
daim 1 to receive an orthogonally modulated 35 
intermediate frequency signal, whereby the anrv 
plitude limiter means provides a constant ampli- 
tude version of the received intemnediate 
frequency signal. 

40 
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^ Digital radio receiver. 



@ In a digital radio receiver, an amplitude Hmiter 
circuit (20, 21) is included for producing a 
constant-amplitude IF signal from a received 
digitally modulated IF signal. An orthogonal 
detector (22) orthogonally mires the constant- 
amplitude signal with a reference canrler and 
produces an in-phase baseband signal (I) and a 
quadrature-phase baseband signal (Q). The 
baseband signals are converted (24, 25) to first 
and second digital signals, and supplied to 
respective multipliers (26, 27). A logarithmic 
detector circuit (30) is coupled to the amplitude 
limiter (20) for generating a signal representa- 
tive of the amplitude of the received IF signal. 
The logarithmic scale of the amplitude signal is 
converted to a linear scale by a logarithmic-to- 
linear converter circuit (32, 33) and the resultant 
supplied to the multipliers (26, 27) in which it is 
multiplied with the digital baseband signals. 
The outputs of the multipliers are coupled to an 
equalizer (28) for eliminating bit errors, such as 
a maximum likelihood sequence estimation 
(MLSE) equaliser The amplitude limiter may 
comprise a series of tapped limiter amplifiers, 
and the logarithmic detector circuit may conv 
prise a conresponding plurality of detectors, 
coupled to the tap points of the series of anv 
plifiers, and an adder (Fig. 3). 
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